Proposal For Statistical Genetics Track

I.   Need For Proposed Track

A.  Relationship to Institutional Role and Mission.

The primary mission of the University of Washington is the preservation, advancement, and dissemination of knowledge.  The proposed program will enhance research and education in Statistical Genetics at the University of Washington.

The primary academic mission of the Department of Statistics at the University of Washington is the development of useful methods for the design and analysis of scientific studies, and the dissemination of the methodology through teaching and scholarly communication. To help assure the scientific relevance and import of its activities, the Department places strong emphasis on collaborative interdisciplinary research, which is a distinguishing feature of our graduate program.  The development of a Statistical genetics pathway is a component of this mission, which will recognize the particular qualifications and scientific training of students who follow the program.  These students will be equipped to engage in collaborative interdisciplinary research in the fields of Genetics, Molecular Biology, and Biotechnology, and engage in the advancement and dissemination of knowledge in these fields.

The goal of the graduate program in Biostatistics is to equip students to develop and apply the quantitative techniques of mathematics, statistics, and computing appropriate to medicine and biology.  An objective identified in the School of Public Health mission statement is the development of new programs in response to new technologies and advances in the public health sciences.  With the completion of Phase I of the human genome project, and advances in understanding of complex genetic traits, the genetic and molecular biological sciences have increasing impact on public health science and policy.  Training in Statistical Genetics will be an important qualification for biostatisticians engaging in the objective advancement and dissemination of knowledge in the health sciences.  

B.  Need for Track.

An increasing number of students express interest in training in Statistical Genetics.  The Department of Statistics is ranked among the top ten nationally, and its graduate program attracts about 80 applicants each year, and admits about 10 students.  About one half of these complete a Ph.D degree; the remainder normally complete an M.S. degree.   The Department of Biostatistics is the top-ranked department in the U.S. and attracts about 113 applicants annually.  Of these, approximately 20 are admitted to the Ph.D. program and 20 to the M.S. program.  A list of the M.S. thesis students, Ph.D. students and postdoctoral trainees of the Statistical genetics faculty over the last ten years is appended (Appendix 1).

The Statistical Genetics class (Biostat/PHG/Med 532) offered for several years by Professor Ellen Wijsman has attracted substantial enrollment increasing from five students in 1992 to fifteen in 1999.  Students have also often taken the Population Genetics class (GENET 562) offered by Professor Joe Felsenstein, or, more recently, Professor Green's class in Computational Molecular Biology.  The new core course sequence in Statistical Genetics, being offered 1999-2000, attracted an enrollment of  7 students registered for credit, but additionally 8 registered auditors the majority of whom participated fully in the class.  With postdoctoral students, most classes had 20 people present.  There is a need to recognize both the additional study these students undertake to become sufficiently knowledgeable in the areas of genetics and molecular biology to engage in relevant collaborative research, and also the training these students are receiving in statistical methodology relating to genetic and molecular biological data.

Genetics is the understanding of the biological mechanisms and processes that result in the heritable variation of living organisms. Understanding variation is inherently statistical, and Statistical Genetics is the development of models and methods of analysis for genetic data.  Phase one of the human genome project nears completion; soon there will be a complete sequence of human DNA.  Phase two of the Human Genome Project has two major components. One is the discovery of the relationships between DNA sequence and gene function; this is the estimation of effects. The other involves the study and understanding of the genetic variation within and among individuals, populations, and species.  Both these goals are intrinsically statistical, and fall within the realm of Statistical Genetics.  The exploding field of Bioinformatics concerns the storage, retrieval, management, and interpretation of biological data.  Statistical Genetics is a core component of this emerging discipline.

The demand for graduates in Statistical Genetics in ongoing, and, to those few of us who graduate students in this area, overwhelming. This year alone, statistics or biostatistics faculty positions in North America specifically in Statistical Genetics advertised by major research universities include Penn State, Carnegie Mellon, Johns Hopkins, NCSU (two positions), University of Michigan (two positions), UC Riverside, Ohio State, University of Toronto, UCSF, Medical College of Virginia, Boston University, Cornell, Virginia Tech, Yale University (two positions), University of Colorado (Denver), as well as two positions at University of Washington.  The number of positions advertised far exceeds the number of well qualified graduates.  Additionally statistical genetics graduates are sought for faculty positions in newly developing departments of Bioinformatics, and as statisticians for collaborative research in numerous Medical Schools and Schools of Public Health.  They are sought by government agencies, and by Medical Research Institutes such as the M.D.Anderson Cancer Research Institute and the Mayo Clinic.

For over ten years, scientists in medicine and public health have spoken of the need for qualified Statistical Geneticists.  An NHLBI Expert Panel (1993) called for greater vigor in the pursuit of education and training particularly in the area of Statistical Genetics. Other NIH Institutes have expressed similar concerns at the severe shortage of qualified interdisciplinary scientists with even a basic understanding of both molecular biology and statistical genetics.  In 1995, the Burroughs Wellcome Fund initiated its Interfaces Program for the education of mathematical and physical scientists in emerging and increasingly 

quantitative endeavors in the biological sciences.  One of the six currently funded programs has a strong component of Statistical Genetics; the inter-University Program in Mathematics and Molecular Biology.

(Thompson is a member of this Program.)  

In additional to academia, and governmental and other research institutes, the demand from the biotechnology industry for Bioinformaticians and Statistical Geneticists is escalating at an ever

increasing rate.  The NIH has recognized the urgent need for mathematically oriented and quantitatively trained scientists for the future of Biomedical Research; training was identified as a priority area of the "Healthy People 2000" initiative.  In 1999 a new program for predoctoral training in Bioinformatics and Computational Biology was announced by NIGMS; this program identifies Statistical Genetics as one key area in which increased training opportunities are urgently required.

C. Relationship to Other Institutions within Washington or Other Programs within the University of Washington.

1.  Duplication

There are no other Ph.D. programs in Statistics or in Biostatistics in the State of Washington.  There is no other focus of research and education in Statistical Genetics within the State of Washington.  The University of Washington has a unique resource of faculty expertise in Statistical Genetics, Population Genetics, and Computational Molecular Biology to provide the education and training envisaged by this program.

2.  Uniqueness of Program

N/A.

II. Description of Proposed Track

A. Goals and objectives of proposed track and their relation to the existing degree program.

The goal of the proposed track is to provide education in Statistical Genetics, and recognition of the achievements and qualifications of students who study and undertake Ph.D. research in this fast-growing area.  The core requirements of the proposed track consist of 5 graded 500-level courses totaling 17 credits, in Statistical Genetics, Population Genetics, and Computational Molecular Biology.  Additionally, at least three consecutive quarters of participation in the Statistical Genetics seminar (BIOSTAT580B; 1 credit/quarter) will be required. Also, some preliminary subject-area study in Genetics will be required, for those students not already having this material.  For the most part, Ph.D. students on the Statistical Genetics track will follow the requirements of their respective programs.  Many of the requirements of the track can be met by Statistics and Biostatistics Ph.D. students through the choice of electives, but some accommodations to the standard track have been agreed by the faculties of Statistics and of Biostatistics in order for students to pursue the Statistical genetics track without unduly lengthening time to graduation.

Curriculum

For clarity we give first the full Statistical Genetics curriculum, as also proposed for the Certificate Program in Statistical Genetics.  Students in the Statistical Genetics Ph.D. tracks in Statistics and Biostatistics will follow this same curriculum.  Following that, we detail how this curriculum is to be accommodated as a track within each of the Statistics and Biostatistics Ph.D. Programs.  For ease of presentation, the (proposed) catalogue descriptions of all courses are appended separately (Appendix 2).

1.    Complete Course Descriptions (see also Appendix 2).

(i).  The core curriculum

BIOSTAT/STAT 550  (3 cr., Offered Fall)  

Statistical Methods for analysis of discrete Mendelian traits.

  *** This course is under development. Offered as BIOSTAT/STAT 578C Fall 1999.

      New Course Application made 12/99; currently under review.

BIOSTAT/STAT551 (3 cr., Offered Winter)

Statistical Methods for the analysis of quantitative genetic traits.

  *** This course is under development. 

      Offered as BIOSTAT/STAT 578A Winter 2000.

      New Course Application made 12/99; currently under review.

BIOSTAT/STAT552 (3 cr., Offered Spring)

Methods for the design and analysis of medical genetic studies.

   ***  New Course Application made 12/99; currently under review.

        This course is a development of BIOSTAT/PHGEN/MED 532.  Once the new course is established,

            BIOSTAT/PHGEN/MED 532 will be developed in a direction better suited to less quantitatively

            oriented students. 

         It is hoped that Medicine will also agree to offer jointly the new course.

GENET 562: (4 cr., Offered Spring)

Population Genetics.

    ***  Established course.

MBT 540  (4 cr.,  Offered Winter, starting 2001)

Genome Sequence Analysis

*** This course is currently under development in connection with the new interdisciplinary Ph.D. track in Computational Molecular Biology.

BIOSTAT 580B; Statistical Genetics Seminar   (1 cr., Offered F,W,Sp)

    This seminar has been established since 1989, and offered under the BIOSTAT 580B label each F/W/Sp

        quarter since 1993.

(ii).  Preliminary background study 

In addition to the above 5 core courses, and seminar, all Statistical Genetics students will be expected to achieve a background knowledge of

a) Probability and Statistics, at least equivalent to MATH/STAT 394 and 390.

b) Scientific computing, at least equivalent to CSE 142

c) Genetics or Molecular Biotechnology, equivalent to GENET 371 and one additional course chosen from  GENET 372, GENET 453, GENET 465, MBT 510.

(iii).  Statistical Genetics as a track within the Statistics Ph.D. Program

It is assumed that Statistics students will have at least the preliminary background in probability, statistics, and scientific computing, and will likely have one undergraduate genetics or molecular biology class.  For 

them, the requirements of the Statistical Genetics program are thus one additional preliminary Genetics class, the five core 500-level classes, and participation in the Statistical Genetics seminar.

For students in the Statistical Genetics track, the new core sequence STAT/BIOSTAT 550-1-2 will replace one of the three Ph.D.-level core course sequences required for Statistical Ph.D. students.  The required 

preliminary genetics classes, and the other two core Statistical Genetics classes  (GENET562 and MBT540) will qualify as approved elective classes.  Other requirements of the Statistics Ph.D. program (see appended statement of these: Appendix 3a) are unchanged.

These requirements have been approved by the Statistics faculty.

(iv).  Statistical Genetics as a track within the Biostatistics Ph.D. Program

It is assumed that Biostatistics students will have at least the preliminary background in probability, statistics, and scientific computing, and will likely have one undergraduate genetics or molecular biology class.  For them, the requirements of the Statistical Genetics program are thus one additional preliminary Genetics class, the five core 500-level classes, and participation in the Statistical Genetics seminar.

The Ph.D. requirements in Biostatistics require three approved elective classes in the Biological Sciences. (See appended statement of Biostatistics Ph.D. requirements: Appendix 3b.)   For students in the Statistical Genetics track, any of the preliminary Genetics classes, and additionally GENET 562 and MBT 540 will qualify as approved biology elective classes.  Also, the Applied Statistics class BIOSTAT 571 will not be required of students in the Statistical Genetics track, and participation in the Departmental seminar may be substituted by participation in the Statistical Genetics seminar for up to two years of the student's total UW residence.  Other requirements of the Biostatistics Ph.D. program are unchanged.

These requirements have been approved by the Biostatistics EPTEC Committee and the Biostatistics faculty.

2.  Selection of track.

Students may identify themselves as candidates for the track at any time, but normally within two years of admission to the graduate program.  (Typically, Ph.D. students in Statistics and Biostatistics select an area of research specialization within this time-frame.)    The prelim and other exams are as for the standard tracks in Statistics and Biostatistics.  Only students who have identified themselves as track participants and taken the necessary preliminary study in genetics and molecular biology will

(i)  be permitted the modified requirements of the track

(ii) be eligible for trainee funding specific to the track

3.  Admission requirements.

The admissions requirements are those of the Statistics and Biostatistics degree programs.

Faculty

1. Table of participating faculty :

Name
Rank 
Status
% Effort in Program

Felsenstein, Joe
Professor, Genetics

Affiliate Professor, Statistics
full-time
**

Green, Phil
Professor, Molecular Biotechnology
full-time
**

Monks, Stephanie
Assistant Professor, Biostatistics
full-time
25%

Thompson, Elizabeth
Professor, Statistics and Biostatistics
full-time
25%

Wijsman, Ellen
Research Professor, Medical Genetics and Biostatistics
full-time
20%

To be appointed, 2000
Assistant Professor, Statistics
full-time
25%

To be appointed, 2000
Assistant Professor, Biostatistics
full-time
25%

All the above faculty will serve on Ph.D. supervisory committees of students in the Statistical Genetics Ph.D. tracks.

** Professors Felsenstein and Green teach core courses of the track.  However, these are not STAT/BIOSTAT courses, but serve also other students in their own programs.  The percentage attributable to the track depends on the proportion of Statistical Genetics Ph.D. students in the classes.

Typically, each of the other faculty will teach one STAT/BIOSTAT Statistical Genetics class each year, and will advise graduate students in this area.

2.   Short CV’s of faculty appended (Appendix 4).

Students

1.  The projected admissions in Statistics is approximately 10 students per year.  We estimate 2 Ph.D. Statistics students per year in this track.  The projected admissions in Biostatistics is approximately 17 Ph.D students per year.  We estimate 3 Ph.D. Biostatistics students per year in this track.  Note that since the Statistical Genetics track core curriculum is the same as the proposed Certificate Program, there will be 

other students following the same curriculum.  In all, we project 8 to 10 students per year following the Statistical Genetics curriculum.

2.  With the modifications to the standard track requirements proposed, we believe time to degree completion should not differ significantly from those of students in the standard Statistics and Biostatistics Ph.D. tracks. Students who identify themselves as track participants later than 6 quarters into their program may take correspondingly longer to degree completion.

3.  The diversity plan is that of the overall Statistics and Biostatistics programs.

E.  Administration

Once the track is established, it will not require additional administrative support.  Statistics and Biostatistics already coordinate closely in admissions, student advising, core curriculum, and prelim 

examinations.

III. Program Assessment

The Statistical Genetics pathways in Statistics and in Biostatistics will be assessed by the faculty of its respective Departments, and reviewed at the times of Graduate School program review.

IV. Finances

The Departments of Statistics and Biostatistics have recognized Statistical Genetics as a key area of growth and development. Each Department has the recruitment of an additional junior faculty member in this area as their top hiring priority for the year 2000.   With other faculty members already in place, the teaching and graduate student supervision needs of the program will be met.  The College of Arts and Sciences has

provided funds for initial administrative tasks (part-time, 1999-2001), and funds for a Graduate Student Assistant (2000-2002) to assist the development of the new core course sequence.  There are no other additional costs.

V. External Evaluation of Proposal

Professor Michael Boehnke,

Professor of Statistical Genetics and Genetic Epidemiology,

Department of Biostatistics,

School of Public Health 

University of Michigan 

1420 Washington Heights

Ann Arbor, MI 48109-2029 

Professor Bruce S. Weir,

William Neal Reynolds Professor of Statistics and Genetics,

Department of Statistics,

Campus Box 8203, 

110 Cox Hall

Raleigh, NC 27695-8203

VI.  Existing Program

Details of current program requirements are appended.  The Statistics Program was reviewed in 1999; additional information up to the full 125-page self-study document can be provided, if desired.  The

Biostatistics Program was reviewed by an external Graduate School committee in 1993 and was additionally reviewed for school-wide accreditation by The Council on Education for Public Health in October 1998.  Both the 1993 Graduate Program Review and the 1998 Self-Study for Accreditation document (the latter compiled by the School of Public Health and Community Medicine) can be provided upon request.  A 1995 National Research Council (NSF) rating considered both Statistics and Biostatistics departments.  This report can also be provided upon request.

Appendix Materials (Not included in this abbreviated version)

1.  List of UW Statistical Genetics graduate students and postdoctoral 

    trainees of the participating faculty over the last 10 years.

2.  Catalogue descriptions of all core and background courses of the

    Statistical Genetics curriculum, including courses currently under

    review.

3.  (a) Statement of Statistics Ph.D. requirements

     (b) Statement of Biostatistics Ph.D. requirements

4. 2-page CVs of the participating  Statistical Genetics faculty



